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I. INTRODUCTION 
American agriculture has gone through an evolutionary process since 
the birth of the nation. Development and progress of the sector was rapid 
in early decades of the country because of a number of forces and variables 
favorable to this process. Both the land area and work force devoted to 
crops increased rapidly from 1790 to 1900. Included in these forces were 
the availability and low real prices of land and labor and other factors 
such as those that have been summarized by Heady (11, 12). Technological 
change, while not at a constant pace over the last 200 years, has still 
been a continuous process. Change.s in the relative proportions of land, 
labor, and capital have changed greatly in the several decades since World 
War II. Accompanying these changes in factor mixes have been tendencies 
for greater cost economies and specialization of farms, reduced farm labor 
employment, a larger and more rapid adoption of inputs representing new 
technology, a greater capitalization, and commercialization of farming. 
Again, as has been illustrated by many studies relating to commodity supply 
and resource demand behavior of farmers, this evolution of farm structure 
appears to be due especially to factor prices which have been favorable 
relative to product prices and to public and private capital supplying 
institutions which have caused capital to be relatively low in real prices 
(at least to large commercial farmers). The response of farmers in adopting 
new technologies, changing farm structure, increasing commodity supplies, 
reducing labor inputs, and lowering the real price of foods has been fairly 
1 
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w-ell documented in recent decades. For example, on the side of resource 
demand and commodity supplies in relation to real commodity prices, capi-
tal supplies, technology, and related variables, see Heady and Tweeten 
(16). Many specific studies have been made for individual farm commodities 
indi.cating the response to use of greater inputs and new technologies under 
prices of resources which are favorable to commodities and other variables 
that mi.ght be specified in conventional micro theory. Examples are those 
of several authors in the book edited by Heady et al. (17), the studies of 
Nerlove (19), Falcon (6), Krishna (18), Tweeten and Quance (26), Rosine 
and Heimberger (21) and others. 
While American farmers have been responsive to favorable economic, 
physical, and other variables in responding to technological change and in 
bringing a rather continuous change to the agricultural sector, there also 
have been factors that have restrained their speed in these adaptations. 
Restraints revolve around poverty, capital limitations, tenure ineffici-
encies, lack of education and skills as have been summarized in numerous 
publications (9, 25, 27). While these restraining forces have limited 
(a) the rate at which many farmers could adjust to changing prices and 
technology, and (b) their benefits from these changes, the net effects 
over the aggregate farm sector have been rapid growth in farm commodity 
supplies, changes in the resource structure of farms, and a large decline 
in the number of farms and farm workers. Although forces of the market 
are reflected in these changes, the public also has been active in creating 
a favorable atmosphere and in investing in technical knowledge and education 
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which furthered the process. The nature and return of these public 
interventions are well summarized in Peterson (20), Schultz (23), Hayami 
and Ruttan (7), and Heady (10). As Schultz (24) has indicated, invest-
ment in human capital has been an important part of this policy. 
Of course, as agriculture develops and capital is substituted for 
labor, the relative magnitude of agriculture in the national economy de-
clines. The proportion of the nation's labor force employed in agriculture 
declines because of· this substitution process. Also, since the income 
elasticity of the demand for food is so extremely low for products such 
as food relative to other commodities and services, the proportion of the 
nation's labor employed in agriculture would decline even in the absence 
of capital-labor substitution as explained above. Actually, this study 
is concerned with the employment distribution of labor and the interdepen-
dence among subsectors of the total agribusiness which extends from farm 
production through food and input processing to retail consumption. This 
relative redistribution among the subsectors within the total agribusiness 
complex, of course, is a function of both the substitution of capital for 
labor in agriculture and the pattern of demand elasticities for food and 
the services incorporated with it. These changing proportions under eco-
nomic growth have been summarized elsewhere by Heady (11, 12). 
Profit motivation and price responsiveness of farmers, favorable 
factor and commodity prices, and a framework of factor supplies, technology 
and knowledge have caused a very great change in the structure of U.S. 
agriculture. However, the major purpose of this study is not to review 
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microeconomics as it applies to the farm firm. Instead, we begin with 
the fact that very great changes have occurred in farm sizes and numbers, 
farm employment, enterprise specialization, and relative factor mixes in 
recent decades. These changes and their implications to farm groups and 
rural communities also have been summarized elsewhere and do not need 
detailed treatment here. As participants in the process of economic 
development, farmers, as part of the nation's general consuming 
sector, have gained from these changes in agriculture. This 
long-run thrust in welfare gains to consumers, generally from all sources 
of economic progress, is expected to continue and farm families will gain 
accordingly. Large farmers with sufficient capital, education, knowledge, 
and managerial abilities also have tended to have consistent gains from 
the technological transformation of agriculture. Over long periods, how-
ever, such as 1955-72, the rate at which agricultural structure and output 
changed was so great relative to demand growth that farmers in aggregate 
were faced with income sacrifices unless the federal government implemented 
supply control and price support programs. The basis, nature,and outcome 
of these compensatory policies up to the 1970's were well summarized by 
Tweeten (25, pp. 152-358), Heady (11, pp. 3-34), Cochrane (3), and Brandow 
(2). Without these large-scale compensatory policies in recent decades, 
consumers in general would have gained in lower food costs at a sacrifice 
in income by farmers in aggregate. Of course, rapid technological change 
which causes large-scale changes in farm sizes and numbers, employment in 
agriculture, farm capitalization, and rural employment spawns a complex 
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distribution of costs and benefits in the short-run. As summarized by 
Heady (14), a large portion of the rural community problem is part of 
this complex. As the farm work force has declined, the demand for con-
sumer goods and services in rural towns has diminished. A large number 
of rural people have been left in communities of declining economic oppor-
tunity. Business has eroded in capital values, and social and human 
services have declined in both quantity and quality. Too, other inequities 
have taken place within the farm sector as agriculture rapidly changed its 
factor mix, supply structure, and technology (13). 
Inequities in the distribution of the benefits and costs of agricultural 
transformation and a reduced farm labor force should be of short-run nature. 
Over the long-run on an intergeneration basis, all forms of progress (which 
are not overly burdened with cost externalities and value conflicts, and 
income distribution injustices which cannot be reconciled) should bring 
gain to major consumer groups and the nation. Various policies and pro-
grams can be used to help alleviate inequities and turn the costs of change 
to benefits as rapidly as possible. This study is concerned with changes 
in the number of workers and labor services used by farms and related in-
dustries and services. One major group in agriculture upon which costs 
of rapid farm change has fallen includes persons released to other industries 
with few salvageable skills for occupations other than farming. While the 
declining demand for labor in agriculture has slackened somewhat in recent 
years, prospects remain that a greater proportion of the labor force in 
the total agribusiness complex will fall outside of agriculture in the 
future. 
6 
Relative factor prices, resource substitutions, and greater special-
ization, both within agriculture and between agriculture, and input supply 
or output processing firms have greatly increased the interdependency of 
agriculture and other sectors in recent decades. In effect, much of the 
labor now used in processing inputs or outputs of agriculture is a substi-
tute for labor that was previously employed on farms. The sectors sur-
rounding agriculture abound with examples: laborers producing tractor 
fuel from fossil sources and tractors perform roles formerly filled by 
farm workers producing oats and mules; employees in a nitrogen fertilizer 
plant replace workers formerly growing and plowing under green manure 
crops or engaged in spreading manure on crop fields; employees of the 
regional dairy firm replace the farm familymembers who previously car-
ried milk pails by hand as they transported it to separaters and distri-
buted the components of milk. 
Labor moved from agriculture because the low real price of capital 
caused the latter to be substituted for human services and because the 
greater demand by farms for capital inputs increased the demand for labor 
in the input-supplying industries. However, the demand for labor in the 
processing industries also has increased in proportion to that in farming 
because of the nature of changes in consumer demand. As per capita real 
income has increased_in recent decades, consumers have expressed demands 
causing many new and additional services (e.g., freezing, slicing, pack-
aging, etc.) to be incorporated with food products sold at retail. Also, 
some of the food processing tasks formerly performed to a sizeable extent 
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on farms have also shifted to the food processing sector. Again, the 
examples are many and include butter, meat, fruit processing, and others. 
Also, as incomes increase and relative prices are favorable, more of other 
services are demanded with food; such as convenience foods and meals in 
restaurants. 
These two major movements--the substitution of capital for labor in 
agriculture and a greater demand for labor in the industries which process 
the inputs and outputs of agriculture--have shifted a much greater propor-
tion of the labor services and skills from farms to intermediate sectors 
of the economy. 
Nature and Purpose of the Study 
The major purpose of this study is to determine the interdependence 
(as expressed through a particular quantitative technique) in employment 
of the sectors that produce, process, and service the outputs from and the 
inputs to farming. The total agribusiness sector, encompassing all pro-
cesses between the manufacturing of farm inputs to the retailing of food 
and fiber products, thus is considered the source of labor demand. Methods 
are applied to measure how a change in final demands for one sector of this 
agribusiness complex alters employment or labor demand in other sectors of the 
complex. The study also projects, subject to limitations of the method, 
how employment or labor demand may be distributed among sectors of the 
agribusiness complex in 1980. 
The decrease in demand (both in number of workers and their services) 
for farm workers and the greater relative employment in firms processing 
8 
and marketing farm products is the primary focus of this report. Over-
all agricul rural employment (farm and nonfarm) is studied using a multi-
sector input-output model built around a set of specific interrelationships 
among sectors which encompass farming and the processing and service in-
dustries that relate to it. Supply and demand in each market are equated, 
in the context of input-output models, not through changes in price and 
resulting movements along supply and demand curves, but through a horizontal 
shift in the demand function of each industry resulting from changes in 
production levels in other sectors. Projections are made of 1980 manpower 
requirements in American agriculture, assuming trends in farm productivity, 
demand patterns and income and employment such as those included in the 
basic Daly (S) projections. As in studies made by other methods, a strong 
relationship reflected in this study is the strong dependence of the farm 
sector upon the rest of the economy and the projection of lower manpower 
1 
requirements in virtually all agriculturally-related sectors of the economy. 
The results of this study are not sufficiently detailed by space to allow 
indication of the impacts on given rural areas of the nation. However, 
because of the heavy economic reliance of most rural communities upon 
agriculture, these communities are expected to receive a disproportionately 
large share of the decrease in employment occurring in sectors of the 
1A number of studies have been made of labor demand and employment 
in agriculture. Several of these studies, using alternative techniques of 
estimation, have been summarized in such Center conference proceedings as: 
Labor Mobility and Population in Agriculture, Center for Agricultural and 
Economic Adjustment, Iowa State University Press, Ames, 1961. The Center 
for Agricultural and Economic Development has other studies based on econo-
metric, simulation, and mathematical programming methods which generally 
substantiate the declining employment of labor in agriculture. 
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economy closely related to agriculture. 
The results imply that the majority of rural communities are likely 
to face an absolute decline in employment based upon occupations related 
. 1 1 to agr1cu ture. Since this is a primary nonfarm employment base for most 
rural communities, this reduction further implies declining total employ-
ment opportunities in rural areas, except as offsetting employment oppor-
tunities are generated by other economic sectors within these communities. 
The nature of this study does not warrant specific policy recommen-
dations for rural communities based on its results. It is illustrative, 
however, to use its results to examine broad implications for rural com-
munities and educational policy within these communities. The strong 
dependence of the farm sector upon the rest of the economy and the pro-
jections of lo~er labor employment in nearly all agriculturally-related 
sectors are not actually independent results. Both are common outcomes 
of national economic growth and development. However, for the purpose of 
this report, they will be discussed in the sense of independent relationships. 
1 Whether or not this loss in employment can be replaced by rural 
industrialization, with or without the emphasis on processing farm inputs 
and outputs, is not clearly indicated. This appears to be a small oppor-
tunity for the truly rural community, although a number of rural areas 
are endowed with transportation, local leadership and management, proximity 
to urban centers and enough existing industry to attract more industry. 
These potentials, possibilities, and difficulties are summarized in the 
book: Rural Industrialization: Problems and Potentials, North Central 
Regional Center for Rural Development, Iowa State University Press, Ames, 
1974. 
II. THE INPUT-OUTPUT MODEL 
The major purpose of the study was (1) to estimate certain types of 
economic interrelationships (a) among agricultural production regions, 
and (b) between and among the agricultural production, marketing, and 
supply sectors and the rest of the economy; and (2) to analyze the impact 
of these interrelationships upon employment. This objective, together 
with knowledge of available data, were the major influences upon the for-
mulation of the input-output model used. 
The estimates are made by means of a rather conventional input-
output model. There are numerous methods for measuring labor demand, 
supply, mobility, and other facets of this resource as it relates to agri-
culture or related sectors. However, this study emphasizes the applica-
tion of an input-output model in the context mentioned. Numerous other 
quantitative methods exist for estimating labor demand, employment, mi-
gration, supply, and other facets. Each method has its particular strengths 
and limitations. Input-output models rest on a basic set of assumptions 
that place certain limitations on the types of quantities they generate. 
Others have commented on these limitations elsewhere, and it is not our 
purpose to detail them further here. 1 
1 For example, see Heady, Earl 0. and Harold 0. Carter, "Input-Output 
Models as Techniques of Analysis," Journal of Farm Economics, Vol. 41, 
pp. 978-991. 
10 
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Producing Regions 
Ten producing regions are used for the interregional components of 
the input-output model (Figure 1). These regions approximately group 
areas of the nation by types of farm production. Each region produces 
some quantity of almost every major agricultural product, however, so a 
more pragmatic justification for their use is the frequent usage made of 
them in other research work. Furthermore, some specialized data are 
available only on a regional basis. 
Commodity Sectors 
Within each production region, nine commodity sectors are defined. 
This approach is one of two feasible alternative classification procedures 
for production regions. Classification can be by commodity as in this 
study. Alternatively, a classification by farming establishment could 
have been used. The commodity classification was chosen in an earlier 
study by Carter (4) because of data availability, a situation which has 
not changed in the intervening years. All farm output statistics, except 
for sketchy fragments, are published on a commodity or product basis. 1 
The nine commodity groups within each region are: sector i.Ol, 
livestock and livestock products; sector i.02, feed grains; sector i.03, 
food grains; sector i.04, forage crops; sector i.OS, vegetables, fruits 
1Regardless of data limitations, both systems have disadvantages for 
analysis based on an input-output model. The apparent disadvantage of the 
establishment system is the hetergeneity of farm firms. Farms classed as 
dairy farms generally produce other secondary products. This product mix 
within a farm class cannot be expected to be unique or constant. There-
fore, the corresponding input-output coefficients cannot be expected to 
uniquely be defined or stable. While reasonably complete output data 
are available for a classification scheme based on commodities, joint 
production on a given farm make the task of allocating inputs to the proper 
commodity sector difficult. 
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13 
and nuts; sector i.06, cotton; sector i.07, tobacco; sector i.08, oil 
crops; and sector i.09, miscellaneous agriculture. The coding system 
used is illustrated by the above sectors. The number to the right of the 
decimal refers to commodity groups (number one through nine above), and 
i designates regions (i = 0, 1, 2, ••. , 10) where zero denotes a national 
group and 1, 2, ••• , 10 denotes regional groups. For example, 3.04 de-
notes forage crops (Product 4) in the Lake States region (Region 3); 
forage crops in the United States are denoted by 0.04. Of the 90 possible 
sectors (ten regions and nine commodity groups), 83 have significant pro-
duction to be considered. Cotton production was negligible in Regions 
1, 3, and 8, and tobacco production was not significant in Regions 7, 8, 
9, and 10. 
Nonfarm sectors were defined on a "national" basis. A total of four 
categories were defined: (a) industries processing agricultural products, 
(b) industries furnishing major farm inputs, (c) other industries and 
services and (d) final demand. Individual sectors were defined similarly 
to sectors in the input-output model constructed by the Office of Business 
Economics for 1958 (8). These industries are as follows. 
Agricultural processing industries: sector 0.10, meat and poultry 
processing; sector 0.11, dairy products; sector 0.12, grain mill proces-
sing; sector 0.14, miscellaneous food processing; sector 0.15, vegetable 
and fruit processing; sector 0.16, tobacco manufacturing; and sector 0.17, 
textile products. 
14 
Agricultural supply industries: sector 0.13, prepared animal feeds; 1 
sector 0.18, fertilizers; sector 0.19, chemical products; sector 0.20, 
machinery and related services; and sector 0. 21, petroleum products. 
Other industries and services: sector 0.22, all other industries 
and services; sector 0.23, trade and transportation; and sector 0.24, 
real estate and rental services. 
The final demand or exogenous sectors of the model were foreigntrade, 
government, gross private investment, inventory changes, and households. Their 
composition is evident from the sector names, so only two conceptual differences 
will be discussed here. Direct government subsidies were treated as transfer 
payments to households. The accounts of sectors receiving subsidies are 
affected only by the amount that profit levels are understated when re-
ceipts of the subsidies are excluded from the income of these sectors. 
Payments to the household sector are not affected in total since all 
profits are received by this sector as well as the transfer payments. 
To the extent price support programs have affected the market prices, 
these programs are reflected in the applicable sector of the model. 
Imports provide another conceptual problem. All imports are treated 
as secondary products of the foreign trade sector and transferred to sec-
tors for which these products are "primary," except imports of agricul-
tural commodities. These are transferred to sectors that consume their 
domestic counterparts. Distribution is in the same proportion as domestic 
consumption. 
1 The prepared animal feed sector is somewhat of a "hybrid" sector 
since it processes grain and supplies formula feeds to the livestock sectors. 
15 
Input-Output Numerical Example 
To demonstrate the method utilized in developing labor requirements, 
a simple two-sector economy is discussed. 1 Quantitative flows are sum-
marized, and a technology, interdependence and labor requirements matrix 
are derived. 
A two-sector transaction matrix 
The economy is aggregated into three sectors--agriculture, industry, 
and households. Agriculture (X1) and industry (X2) are endogenous sectors 
whereas the household (Y) is an exogenous or final demand sector. 
The organization of a transaction table is illustrated in Table 1. 
Each element in the table represents a total sales activity of each sec-
tor during 1964. Row 1 shows that the total output (GDO or gross domestic 
output) of the Agriculture sector (Sector 1) was 51 billion dollars. This 
output is distributed as follows: 12 billion as intrasectoral purchases, 
e.g., farm-produced livestock feeds; 29 billion sales to industry, e.g., 
slaughter livestock, food grains for processing; and 10 billion to the 
household sector for direct consumption, e.g., farm production consumed 
in farm households. Likewise, Row 2 illustrates the distribution of the 
1 trillion, 136 billion dollars of the Industry sector: 18 billion dol-
lars to agriculture, 496 billion to intrasectoral purchases, and 622 bil-
lion dollars to households. 
1Although the data are intended primarily as an example, they are 
aggregated values for the United States economy in 1964. 
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Table 1. Flows of goods and services by sector of origin and destina-
tion, 1964 (billions of dollars). 
Purchasing Sectors 
(1) (2) (3) 
Producing Sectors Agriculture Industry Household GDO 
1. Agriculture 12 29 10 51 
2. Industry 18 496 622 1,136 
3. Household (labor) 21 611 0 632 
Total Input 51 1,136 632 
Reading down the columns of a transaction matrix, each element 
represents the total purchase of the column sector from the other (row) 
sectors to support its operation during the base period. For example, 
in order for the agriculture sector to produce its 51 billion dollars 
output, it required 12 billion dollars of inputs from itself; 18 billion 
dollars of inputs from industry, e.g., fertilizer, petroleum, manufactured 
feed, etc.; and 21 billion dollars of labor services from the household sector. 
To produce its gross domestic output the industry sector required purchases of 29 
billion dollars from agriculture, 496 billion dollars intrasectoral pur-
chases and 611 billion dollars of labor services from the household sec-
tor. Similarly, Column 3 could be viewed as the cost structure of the 
household sector. 
The technology matrix 
The unit cost structure of each example sector is presented in Table 
2. The ratios (technical coefficient) in Table 2 were calculated directly 
from the data in Table 1. For example, intrasectoral flows in agriculture 
------------------------------- --------
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of 12 billion dollars divided by 51 billion dollars (total inputs to the 
agriculture sector) yields 0.24, the entry in Row 1 and Column 1 in Table 
2. Thus, for each dollar's worth of production in agriculture, 35 cents 
worth of inputs were required from industry and 41 cents of labor services 
from households for each dollar of agricultural production in 1964. Simi-
larly, the cost structure of industry is illustrated in Column 2. 
Since purchases per dollar of output is not a relevant concept for 
a final demand sector, Column 3 of Table 1 is excluded from Table 2. 
Exogenous Row 3 is included in Table 2 for a more complete statistical 
description. 
Table 2. Technology matrix. 
Producing Sectors 
1. Agriculture 
2. Industry 
3. Householda 
Purchasing Sectors 
Agriculture Industry 
0.24 
0.35 
(0.41) 
0.02 
0.44 
(0.54) 
~ousehold is exogenous in the model. 
Interdependence matrix 
Given a final demand vector and a constant technology matrix, the 
input-output system can be solved conveniently for sector output levels 
required to meet the final demands. We simply compute the (I-A) 1 matrix, 
invert it and premultiply this inverse times the final demand vector. 
~ere I is an nxn identity matrix and A is an nxn technology matrix. 
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However, a more detailed understanding of the solution is obtained 
by following through the solution of a simple example in a step-by-step 
manner. Utilizing the derived a .. 's from Table 2 in the I-A matrix yields: 
1] 
which reduced gives: 
Or, in matrix 
(1 - .24)X1 - .02X2 = Y1 , and 
- .35X1 (1 - .44)X2 = Y2 . 
notation 
~-.24 
.35 
-.02] 
1-.44 
Solving for outputs xl and x2 specifying Y1 and Y2 
[X1J . ['' x2 -.35 --:r .56 [:~ 
or 
xl 1.34Y1 + .05Y2 , and 
x2 .84Y1 + 1.82Y2 
gives: 
The two equations above demonstrate the relationship between output in a 
given sector and final demand (in the context or terminology of input-
output models) for the goods of other sectors. Thus, an increase of one 
dollar in final demand for products of agriculture requires an increase 
in gross output of agriculture of $1.34 and an increase of $0.84 in gross 
19 
output of industry. Likewise, the delivery of one additional dollar of 
industry goods to final demand requires an increase in output of 5 cents 
in agriculture and $1.82 in industry. 
If we assume a change in final demand for agricultural goods from 
10 to 16 billion dollars and a change from 622 billion to 650 billion 
dollars in final demand for industrial goods, then the output necessary to 
supply these increased deliveries is derived by substituting Y1 = 16 and 
Y2 = 650 into the above equation set: 
x1 1.34 (16) + 0.05 (650) = 53.94, and 
x2 = .84 (16) + 1.82 (650) = 1,196.44. 
When evaluating these analytical matrices, the units in which the coeffi-
cient of direct requirements matrices and interdependence matrices are 
expressed should be kept in mind. The coefficients in direct require-
ment matrices are dollar amounts required from the row sector per dollar 
of output of the column sector. The coefficients in an interdependence 
matrix are dollar amounts required from the row sector per dollar of 
delivery to final demand of products of the column sector. Therefore, 
these two matrices are not directly comparable. The interdependence 
matrix is the sum of the direct and indirect relationships between 
sectors. However, the indirect relationship is not the difference between 
comparable elements of the interdependence matrix and the direct require-
ment matrix. To isolate the indirect requirements, we must adjust the 
interdependence matrix so the units of expression are similar. In order 
20 
to adjust the coefficients in the interdependence table to reflect changes 
in output rather than deliveries to final demand, we divide each element 
in each column by the respective diagonal element of that column. 
In the numerical example, we divide 0.84 by 1.34 to obtain the total 
requirement of industry output per dollar of the agriculture sector. 
This number is 0.63. It is the sum of the direct and indirect require-
ments. From Table 2, the direct requirements of industry output per dol-
lar of agriculture output is .35. The difference or .63 - .35 is .28 
dollar of indirect requirements or 44 percent of total industry require-
ments by agriculture are indirect requirements. 
Comparable estimates for agriculture requirements by industry are 
(.05/1.82) or .027 total requirements, (.027 - .020) or .007 indirect 
requirements and (.007/.027) or 26 percent of total agriculture require-
ments by industry are indirect requirements. 
Labor requirements matrix 
Given an interdependence matrix and a diagonal matrix of direct 
labor requirements per million dollars of output, the product of the multi-
plication of these two matrices is a matrix of coefficients of labor required 
in sector i per million dollars of final demand in sector j. 
Assuming 136 workers are employed in agriculture for each million 
dollars of total output and the corresponding requirement for industry 
is 41 workers, the two matrices and their products are 
f136 =1 r-34 
~ ~L84 ·051 = F
2 
1.~ ~4 
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One million dollar change in deliveries to final demand by agriculture 
requires 182 workers in agriculture and 34 workers in industry or 216 
workers. The direct labor requirements coefficient for agriculture is 
136; therefore, the simple employment multiplier is 216/136 or 1.59. 
That is, for each worker required to directly produce the million dollars 
of new final demand in agriculture-- .59 workers are indirectly required 
to meet the new exogenous demands. The corresponding numbers for industry 
are 7 in agriculture, 75 in industries or 82 total workers and 82/41 
or 2.00 for the simple employment multiplier. 
III. EMPLOYMENT IMPACTS BY SECTOR 
Sectors of the input-output model are defined in terms of economic 
function, such as feed grain production, fertilizer manufacturing, trade 
and transportation services, etc. As a result, direct measures of changes 
in rural employment are not possible from the model. It is possible, 
however, to get an indirect impact on rural employment by examining the 
employment requirements of the individual sectors and estimating the 
sectors' contributions to total employment in rural areas. 
Table 3 displays regional and national farm employment, value of 
agricultural output, the number of farm workers per million dollars of 
output, and the amount of change occurring between 1959 and 1964. The 
productivity of labor increased in all 10 regions as reflected by the 
reduction in the labor coefficients between 1959 and 1964. The Delta 
States experienced the largest decrease, both in terms of percent and 
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in absolute number, 35.7 percent and 109.2 workers per unit of output, 
respectively. 
Direct Labor Requirement Coefficients 
Direct employment requirement coefficients for agricultural production 
sectors tend to be higher than in the other sectors. Within the general 
agricultural production sectors, the commodity sectors exhibited a vari-
ance in direct employment requirements. Table 4 illustrates the direct 
employment requirements for agricultural production sectors regionally 
and nationally. In descending order of the size of this coefficient, the 
major commodity sectors are tobacco; cotton; fruit, vegetables,and nuts; 
livestock; forage; oil crops; feed grains; and food grains. Likewise, 
there is a variance between regions in the magnitude of direct employ-
ment requirements. 
Nonfarm Direct Labor Requirements 
Table 5 presents the direct labor requirements for the nonfarm 
sectors of the input-output model. The 1964 employment requirements per 
million dollars of output in the seven agricultural processing sectors 
ranged from 13.5 in the grain processing sector to 37.5 in the textile 
products sectors. 
The agricultural supply sectors have direct employment requirements co-
efficients which range from 9.7 in the petroleum products sector to 
35.6 in the machinery and related service sector. 
Published data were unavailable to accurately specify the rural 
employee's share of total employment in each industry. However, it is 
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Table 5. Direct labor requirements per million dollars of output for 
nonfarm sectors in the United States, 1959 and 1964. 
Sector 
Agricultural Processing 
Meat and poultry processing 
Dairy products 
Grain products 
Misc. food processing 
Vegetable and fruit processing 
Tobacco processing 
Textile products 
Agricultural Inputs 
Fertilizers 
Chemical products 
Prepared animal feeds 
Machinery and related services 
Petroleum products 
Other Industries and Services 
Other industry 
Trade and transportation 
Real estate and rentals 
Sector 
Number 
0.10 
o.n 
0.12 
0.14 
0.15 
0.16 
0.17 
0.18 
0.19 
0.13 
0.20 
0.21 
0.22 
0.23 
0.24 
1959 1964 
Number 
of 
Workers 
18.0 
28.3 
16.6 
30.7 
31.3 
20.4 
47.3 
28.2 
33.4 
13.1 
40.1 
13.6 
52.4 
70.2 
9.3 
Number 
of 
Workers 
14.7 
24.3 
13.5 
25.8 
26.4 
17.6 
37.5 
21.8 
24.6 
12.3 
35.6 
9.7 
44.5 
63.8 
8.4 
1964 
1959 
.816 
.859 
.817 
.841 
.844 
.864 
.793 
.773 
.736 
.939 
.889 
.713 
.851 
.909 
.901 
realistic to assume that those industries which process bulky or perish-
able raw agricultural products are more often located in rural areas and 
thus employ rural workers. Under these conditions, workers in meat and 
poultry processing, dairy product processing and vegetable and fruit 
processing sectors are more likely to employ rural workers than are grain 
processing, tobacco manufacturing, textile products or miscellaneous food 
processing sectors. The petroleum products; machinery, and related ser-
vices;and chemical products sectors are characterized by large firm size 
26 
aad (other tnan the repair services component of the machinery and related 
services sector) there is little likelihood of much special or unique 
employment potential in this sector for rural workers. But, because the 
prepared animal feed and fertilizer manufacturing sectors are more spec-
ialized agricultural supply sectors, there tends to be more rural workers 
employed in these sectors. 
The trade and transportation services sector may have the largest 
number of agriculturally-related rural nonfarm jobs because it is a labor in-
tensive sector and is omnipresent throughout the economy. Yet this latter 
characteristic of the sector also makes it virtually impossible to identify the 
geographic location of employment effects generated in this sector. The real estate 
and rental sector is not labor intensive. (In fact, the direct employment 
requirement coefficient which is estimated by dividing total employment 
by total output is subject to misestimation due to the difficulty of 
assigning full-time equivalent estimates to the relatively high propor-
tion of part-time employees in this sector.) The remaining sector, All 
Other Industry and Services, has only minor direct relationships with the 
agricultural sector, but due to its large size the absolute level of its 
effects areveryimportant. Its direct labor requirement was slightly 
over 35 employees per million dollars of output in 1964. This sector in-
cludes forestry and mining and services other than trade and transporta-
tion, real estate and rental or auto repair; therefore, a large number 
of rural workers may be employed in this sector. 
Examination of the direct employment requirements of sectors provides 
comparisons of the degrees of labor intensity of production processes. 
27 
Combining these direct employment requirements estimates with an input-
output analysis provides a means of looking beyond the direct demands for 
labor services in the U.S. economy. Since labor is but one of the inputs 
required in most production processes, purchased output from other sec-
tors to be used as inputs in a sector creates a series of induced or in-
direct demands for labor in these other sectors. To measure the total 
effect upon the demand for labor services of a given level of output from 
a sector, it is necessary to add these indirect employment requirements 
to the direct employment requirements (that level of employment neces-
sary within the sector to produce the specified level of output). Post-
multiplying a diagonal matrix of direct employment requirements coeffi-
cients by a total requirements matrix yields an employment requirement 
matrix, as illustrated in a previous section. This matrix provides a 
means of measuring the total (direct plus indirect) employment effects of 
a change in final demand for an economy. 
Six Sector Aggregation and Total 
Requirements 
Table 6 presents the employment requirements matrix for a six sector 
aggregation of the 1964 United States economy. The various sectors differ 
greatly in their employment effect in the economy. In the agricultural 
production sector, one million dollars of final demand requires 187.8 
workers internally of which 136.4 are directly required (see Table 7) and 
51.3 are indirectly required. In the nonfarm sectors this million dollars 
indirectly requires the employment of 12.3 workers in the agricultural 
28 
Table 6. Employments requirements table, United States, 19648• 
All Trade Real 
Ag. Ag. Ag. other & estate & 
production processing supply industries trans. rentals 
A g. production 187.751 63.596 6.924 2.973 1.114 0.747 
A g. processing 0.596 30.541 1.155 1.126 0.387 0.274 
Ag. supply 12.288 5.994 38.333 3.120 2.241 1.078 
All other 
industries 16.283 18.872 30.326 72.568 14.452 14.425 
Trade and 
transportation 10.032 10.444 9.153 8.016 68.410 3.273 
Real estate and 
rentals 0.909 0.463 0.324 0.389 0.506 8.670 
8 Each entry shows the sum of the direct and indirect employment require-
ments in the row sector per million dollars of final demand for products of the 
column sector. 
Table 7. Direct employment requirements, direct plus indirect employment 
effects, and simple employment multipliers, United States, 1959 
and 1964. 
Direct a b MultiJ2lier c Sector Total 19:.9 1964 1959 1964 1959 1964 
Ag. production 171+. 9 136.4 287.2 227.9 1.642 1.670 
Ag. processing 29.6 24.5 164.2 129.9 5.542 5. 309 
Ag. supply 33.2 28.3 103.2 86.2 3.108 3.045 
All other industries 52.4 44.5 104.5 88.2 1.996 1.980 
Trade and transports-
tion 70.2 63.8 96.4 87.1 1.372 1.365 
Real estate and 
rentals 9.3 8.4 31.7 28.5 3.400 3.387 
a Employment per million dollars of output. 
b Employment effect of one million dollars of final demand. 
cRatio of total employment effect to direct requirement. 
29 
supply sector, 16.3 workers in the "all other indus tries" sector, 10.0 
workers in trade and transportation services, 0.9 workers in real estate 
and rental services, and 0.6 workers in the agricultural processing sec-
tor. The sum of these employment effects upon the individual sectors 
induced by one million dollars of deliveries to final demand is 227.9 
workers. The total employment effect of the agricultural production sec-
tor is dominated by a large direct employment requirement (136.4 workers 
per million dollars of output) and a large internal indirect effect. 
Fifty-six percent (187.8- 136.4)/(227.9- 136.4) of the indirect employ-
ment effect is generated internally. 
In contrast to the agricultural production sector, the agricultural 
processing sector is characterized by a relatively small direct employ-
ment requirement (24.5 workers per million dollars of output) and a rela-
tively small internally generated indirect employment requirement ((30.5 
- 24.5)/(129.9- 24.5) or 5.7 percent). One million dollars of final 
demand in this sector has a large employment impact on several other sec-
tors. It requires 63.6 workers in the agricultural production sector, 
18.9 workers in the "all other industries" sector, and 10.4 workers in trade and 
transportation services. Employment in the real estate and rental sector 
is not significantly affected by changes in final demand in any other 
sector. It, in turn, does not importantly affect employment in sectors 
other than the "all other industries" sector. It has a total employment 
effect of 28.5 workers per million dollars of final demand of which nearly 
72 percent of the indirect effect, (14.4)/(28.5- 8.4), was in the "all 
other industries" sector. 
-----------------------------------------------------------------
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As discussed above, the total employment requirement, direct plus 
indir.s.::t, generated by any one sector per million dollars of production 
for final demand in given by that sector's column total in the employ-
ment requirements table. Column four of Table 7 presents the total 
employment effects for these six sectors in Table 6. The agricultural 
production and agricultural processing sectors have the largest per unit 
employment effects and the real estate and rental sector the smallest. 
The agricultural supply, all other industries, and trade and transporta-
tion sectors have essentially the same total employment effects of about 
87 workers per million dollars of final demand. These three sectors 
illustrate that sectors can have the same total employment effect yet 
differ greatly in the distribution of this impact. The employment impact 
of the trade and transportation sector is mostly an internal effect. 
Conversely, the impact of the total employment effect in the agricultural 
supply sector is primarily an induced effect operating through the input 
structure. The "all other industries" is intermediate between the other 
two sectors in the impact of its employment effect. 
A crude measure of the distribution of the employment effect is the 
simple employment multiplier. This is a simple ratio of total to the 
direct employment requirement per million dollars of output. Column 
six of Table 7 presents the set of multipliers for the six sectors of 
Table 6. A sector with a high multiplier value causes a relatively large 
amount of indirect labor demand for a given change in output for final 
demand. A low multiplier value indicates that most of the employment 
31 
requirement from a change in output for final demand is internal to the 
sector experiencing the change. Although the agricultural production 
sector has a large total employment effect it has a low multiplier, in-
dicating that most of the jobs affected by a change in agricultural final 
demand are onfarm jobs. Some discretion must be exercised in comparing 
two simple employment multipliers. In a sector such as agricultural pro-
duction, which has a direct employment requirement substantially larger 
than all other sectors, the denominator of the ratio will tend to dominate 
induced employment effects and lead to a lower multiplier. Thus, although 
the indirect employment effect is 91.5 workers for the agricultural pro-
duction sector, an effect larger than the total effect of four of the 
other five sectors, the direct effect is 136.4 workers. Thus, it has a 
multiplier of 1.670 ((136.4 + 91.5)/136.4) which characterizes it as a 
sector with a relatively small external employment influence. 
Changes in Employment 
All sectors of an economy change are unlikely to change their level 
of output for final demand by the same dollar amounts in the same period 
of time. Hence, an alternative approach to identifying the importance 
of the employment impact of a given sector is a measurement of the total 
employment of a certain percentage change in final demand for the sector. 
Table 8 presents these estimates for a 10 percent change in final 
demand for each sector for both 1959 and 1964. The first two columns are the 
magnitude of a 10 percent change in final demand expressed in 1964 dol-
lars. The third and fourth columns are the direct effects on employment 
in each of the six sectors. The direct employment effect is the product 
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of the change in final demand (in millions of 1964 dollars) and the 
direct employment coefficient for each sector. The last two columns are 
the direct plus indirect employment effects of the 10 percent change 
in final demand. This total effect is computed as the product of the 
change in final demand (in millions of 1964 dollars) and total direct 
plus indirect employment requirements per million dollars of final demand 
in each sector. 
The size of a sector's total employment requirements generated by 
a 10 percent change in final demand is influenced by the size of the 
final demand and the magnitude of the direct plus indirect employment 
requirements per million dollars of final demand. In the six sectors 
in Table 8, the relative size of the sectors becomes the dominant factor. 
That is, the sizes of the sectors differ so much that, with the exception 
of the real estate and rentals sector, their ranking with respect to the 
total employment effect a 10 percent change in final demand is the same 
as their ranking according to size. The absolute impact on farm employ-
ment of a 10 percent change in final demand in nonfarm sectors for 1964 
can be calculated from the agricultural production row of Table 6 and 
the value of a 10 percent change in final demand for nonfarm sectors 
taken from Table 8. The employment influences are 392,000 workers by the 
agricultural processing sector, (63.596 x 6,156.1); 38,000 workers by the 
agricultural supply sectors, (6.924 x 5,503.3); 89,000 workers by the 
"all other industries" sector, (2.973 x 29,919.3); 12,000 workers by the 
trade and transportation sector, (1.114 x 10,654.1); and 5,000 farm 
34 
workers are required by the real estate and rental services sector, 
(.747 x 5,990.1) to produce an additional 10 percent final demand. The 
direct plus indirect employment effects of a 10 percent change in final 
demand in the other sectors can be computed from the other rows of Table 
6 and the vector of changes in final demands for 1964 from Table 8. 
The major change between 1959 and 1964 was a decline in the direct 
employment requirements coefficient in all six sectors. This decline 
ranged from 9 percent in the trade and transportation sector up to 22 
percent in the agricultural production sector. With all direct employ-
ment requirements lower in 1964, the induced employment requirements must 
be lower and thus the direct plus indirect employment requirements are 
lower. 
The sectors that deviated from this trend were the agricultural 
production sector which exhibited a slight increase in its employment 
multiplier (from 1.642 to 1.670) and the agricultural processing sector 
which exhibited a larger decline in its multiplier relative tothe other 
nonfarm sectors (from 5.542 to 5.309). The increase in the simple employ-
ment multiplier of the agricultural production sector can be explained by 
observing (in Table 7) that this sector exhibited the largest decline 
(both absolute and relative) in its direct employment requirements. 
Because the simple employment multiplier.is a ratio of direct plus indirect 
employment requirements over direct requirements, it follows that the 
value of the denominator of the ratio will decline faster than the numerator. 
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Thus, the ratio increases. The simple employment multiplier of the 
agricultural processing sector declined faster than the multipliers of 
the other nonfarm sectors because it has an unusually large (over 60 
percent) proportion of its indirect labor requirements in the agricul-
tural production sector which had the largest decline in direct employ-
ment requirements. 
Comparison of employment effects of 10 percent changes in final 
demand for the two years are presented in Table 8. Two sectors exhibit 
a decline in both direct employment effects and in direct plus indirect 
employment effects of a 10 percent change in final demand. These sec-
tors are agricultural production and agricultural processing. Final 
demand for the agricultural production sector, which is predominately 
foreign trade and inventory changes, declined between 1959 and 1964 
largely due to farm inventory depletion. This decrease in final demand 
coupled with the decline in direct plus indirect employment requirements 
per million dollars of final demand, resuited in a lower employment 
effect in 1964 than in 1959 for a 10 percent change in final demand. 
Final demand for products of the agricultural processing sector increased 
between 1959 and 1964 but the increase was overshadowed by the decline 
in employment requirements (both direct and total) per million dollars 
of final demand. This resulted in a lower employment impact in 1964 than 
in 1959 for a 10 percent change in final demand in this sector. The 
other four sectors experienced increases in final demand which were 
larger than decreases in employment requirements. The net effect was a 
larger employment impact in 1964 than in 1959 for a 10 percent change in 
final demand for each of the four sectors. 
IV. A TWENTY-FIVE SECTOR AGGREGATION 
INCLUDING REGIONS 
The next level of aggregation of the interregional model considers 
the disaggregation of the agricultural production sector by regions, 
the disaggregation of the agricultural processing sector into its seven 
component sectors and the disaggregation of the agricultural supply sec-
tor into its five component sectors. The all other industries, trade, 
and transportation, and real estate and rentals sectors in the 25 sector 
model are identical to the sectors of the same titles in the previous 
six sector model. Table 9 presents the employment requirements table 
for this 25 sector aggregation. 
Employment Requirements by Regions 
The first 10 columns of Table 9 (columns 1.00-10.00) exhibit the 
structure of the direct plus indirect employment requirements per million 
dollars of final demand for products of each of the 10 agricultural pro-
duction regions. For example, one million dollars of deliveries of 
final demand in 1964 from the Corn Belt (2.00) region required 106.1 
workers directly and 38.7 workers indirectly within the region. Also, 
it required five workers in the Mountain region (9.00), and six, sixteen, 
and eleven workers in the machinery and related service (0.20), all 
other industries (0.22), and trade and transportation (0.23) sectors, 
respectively. Indirect labor requirements per million dollars of final 
demand in the Corn Belt for the other sectors were less than three workers 
and are contained in the appropriate row under column 2.00 of Table 9. 
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Table 10 presents the direct employment requirements, the direct 
plus indirect employment requirements and simple employment multiplier 
for each of the 25 sectors for both 1959 and 1964. For the present, only 
the 1964 data are discussed. 
Total employment 
Column four of Table 10 presents the direct plus indirect employment 
effects of one million dollars change in final demand for each sector 
in 1964. 1 The 10 production regions, meat and poultry processing and the 
dairy products sector have the largest total employment effects. For the 
10 agricultural production regions, this large direct plus indirect ef-
feet is due mainly to the large direct employment requirements. This 
results in low simple employment multipliers (column 6). The meat and 
poultry processing and dairy products sectors are highly dependent upon 
the agricultural production regions for their purchased inputs. For 
this reason production in these two sectors generates a large induced 
employment effect. The result is a high indirect employment effect and 
thus a large employment multiplier. Most of the other agricultural pro-
cessing sectors and the prepared animal feed sectors follow a similar 
pattern. 
The input structure of the other nonfarm sectors is such that their 
purchases, and thus their induced employment requirements, are primarily 
from other nonfarm sectors which have lower direct employment coefficients. 
1Because the level of detail influences the column sums, slightly 
different total employment requirements estimates for a sector may appear 
in various sections of this report. For example, the sum of the all other 
industries colum of the six sector labor requirements matrix is 88.2; the 
25 sector matrix, 87.9; and the full 98 sector matrix, 87.8. 
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Table 10. Direct employment requirements, direct plus indirect employ-
ment effects, and simple employment multipliers, production 
regions, and national sectors, 1959 and 1964. 
Direct Total Multi)2lier a 
Sector 1959 1964 1959 1964 1959 1964 
Northeast 168.7 131.4 294.7 228.0 1. 747 1.735 
Corn Belt 132.5 106.1 244.0 199.5 1. 842 1.881 
Lake States 186.4 150.0 308.7 258.5 1.656 1. 723 
Appalachian States 351.4 279.0 507.5 395.1 1.444 1.416 
Southeast 225.5 165.4 328.9 243.1 1.458 1.470 
Delta 306.5 197.3 411.9 273.5 1.344 1.387 
Southern Plains 175.6 142.4 268.4 225.6 1.528 1.585 
Northern Plains 121.5 92.0 240.6 186.3 1. 981 2.025 
Mountain 111.0 92.5 209.1 181.1 1.884 1. 958 
l'acific 125.9 102.5 191.2 162.1 1. 519 1.582 
Meat and poultry proc. 18.0 14.7 220.7 167.2 12.230 11.355 
Dairy products. 28.3 24.3 185.7 165.8 6.555 6.813 
Grain products 16.6 13.5 149.0 109.5 9.001 8.099 
Prepared animal feeds 13.1 12.3 116.8 101.4 8.887 8.222 
Misc. food proc. 30.7 25.8 97.0 80.7 3.157 3.123 
Veg. and fruit proc. 31.3 26.4 191.1 141.2 6.098 5.339 
Tobacco manufacturing 20.4 17.6 165.6 123.4 8.121 6.998 
Textile products 47.3 37.5 163.1 125.3 3.449 3.339 
Fertilizers 28.2 21.8 85.7 70.9 3.037 3.250 
Chemical products 33.4 24.6 113.5 89.3 3.396 3.630 
Machinery and related 
services 40.1· 35.6 97.6 84.1 . 2.436 2.361 
Petroleum products 13.6 9.7 104.5 85.0 7.681 8.755 
Other industries 52.4 44.5 104.4 87.9 1. 993 1.974 
Trade and transportation 70.2 63.8 96.3 87.0 1.371 1. 363 
Real estate and rentals 9.3 8.4 31.6 28.4 3.395 3.378 
~ultipliers computed with unrounded data. 
-~------- --- ----------- ----------
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This results in a relatively lower induced employment requirements and 
employment multipliers. Two exceptions are petroleum products (sector 
0.21) and trade and transportation services (sector 0.23). The petroleum 
products sector has a low direct employment coefficient (9.7 workers 
per million dollars of output) and a large induced employment requirement 
from the all other industries sector and the trade and transportation 
sector (54.8 and 11.4 workers per million dollars of final demand, respec-
tively). Both sectors are labor intensive relative to the petroleum 
products sector. The result is a large employment multiplier. The oppo-
site situation exists with respect to trade and transportation services. 
In this sector a large direct labor coefficient and a low indirect labor 
requirement result in the lowest employment multiplier of all 25 sectors 
in 1964. 
Regional indirect labor requirements 
Table 11 indicates the distribution of the indirect labor require-
ments for the 10 regions and 15 nonfarm sectors of the model. The dis-
tribution of the indirect labor requirements of the Corn Belt region by 
broad groups is 41 percent internal, 15 percent in other agricultural pro-
duction regions, 1 percent in agricultural processing sectors, 12 percent 
in agricultural supply sectors, 17 percent in all other industries, 12 
percent in trade and transportation services, and 2 percent in real 
estate and rental services. 
The distribution of indirect labor effects of the other nine produc-
tion regions follow a similar pattern. At least one-half of the indirect 
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effects occur within the 10 regions, but the regions differ in the 
distribution between regions. At one end of the range the Pacific re-
gion has 50.9 percent of its indirect employment effect felt within the 
10 production regions, 32.4 percent within the Pacific region and 
18.5 percent within the other 9 regions. At the other end of the range, 
the Appalachian region has 66.0 percent of its indirect employment ef-
fect occurring within the production regions with 60.9 percent within 
the Appalachian region and 5.1 percent in the other nine regions. 
Employment in the seven agricultural processing sectors was not 
significantly affected by changes in final demand for products of the 10 
producing regions. The converse, however, is not true. Farm employment in 
the 10 production regions is influenced significantly by changes in final 
demand for products of the agricultural processing sectors. One million 
dollars of final demand for products of the meat and poultry processing 
sector (0.10) generated an indirect demand for 31.9 workers in the Corn 
Belt, 15.6 workers in the Appalachian region, 13.1 workers in the Lake 
States, 12.2 workers in the Northern Plains, and 43.8 workers in the 
other six production regions. One million dollars of deliveries to final 
demand by the dairy products sector (sector 0.11) generated an indirect 
employment effect of 25.9 workers in the Lake States region, 19.9 in 
the Northeast region, 13.9 in the Corn Belt, 12.3 in the Appalachian 
region, and 26.3 workers in the other six production regions. 
The employment impact of a change in final demand for products of 
the grain products sector (sector 0.12) is felt primarily in the middle 
47 
regions of the United States. Employment impact in the Northern Plains, 
Delta, Southern Plains and Corn Belt regions, respectively, were 17.0, 
11.3, 10.5, and 8.5 workers. The employment impact upon the other six 
regions was a total of 10.2 workers. Deliveries to final demand of one 
million dollars of products of the miscellaneous food processing sector 
induced employment requirements within the 10 production regions of 18.2 
workers. The distribution of this impact was approximately uniformly 
distributed between regions. The employment impact upon the 10 regions 
of one million dollars of final demand for products of the vegetable 
and fruit processing sector was 67.7 workers. This impact was felt 
strongest in the three major fruit and vegetable producing regions, 
the Pacific, Southeast, and Northeast regions, where 17.8, 11.7, and 9.8 
workers, respectively, were required. 
TheAppalachianregion had an indirect demand for 56.8 of its farm 
workers for each million dollars of final demand in products of the 
tobacco manufacturing sector (sector 0.16). The total employment impact 
of tobacco manufacturing upon all 10 production regions was 68.2 workers. 
Textile products (sector 0.17) had an indirect employment requirement 
of 28.8 agricultural production workers per million dollars of final 
demand. The Delta States were the recipients of 10.2 workers of the 
total farm employment impact of 28.8 workers. The induced requirements in 
the Southern Plain region was 6.9 workers. 
Changes in final demand for products of the five agricultural supply 
sectors, in general, had little impact upon farm employment in the 10 
48 
regions. Prepared animal feeds (sector 0.13) and chemical products 
(sector 0.19) were exceptions. Prepared animal feeds generate an indirect 
employment requirement of 34.5 workers from the 10 production regions 
per million dollars of deliveries to final demand. Of this 34.5 workers, 
14.2 are required from the Corn Belt, and 7.4 workers from the Northern 
Plains. Indirect labor requirements in the 10 production regions due 
to changes in final demand for chemical products is small--16.1 workers. 
The Corn Belt is most affected with an impact of 5.7 workers. No sig-
nificant impact upon employment in the 10 production regions is made 
by the other nonfarm sectors. 
Impetus for Regional Farm Employment 
The columns of an employment requirements matrix provide estimates 
of the number of workers in the row sector required to produce a given 
dollar amount (one million dollars) of final demand in the column sector. 
Analysis of the rows of the employment requirements matrix provides 
another view of the employment structure of an economy. Since each co-
efficient in a row gives the employment required in that sector per mil-
lion dollars of final demand in the column sector, the product of the 
final demand in the column sector and the coefficient from the employ-
ment requirements table gives the total employment in the row sector in 
the base year induced by final demand in the column sector. The sum of 
these products, that is, the row of the employment requirements table 
times the final demand vector, is the total employment in the row sector 
in the base year. Therefore, it is possible to examine these products 
49 
to learn which sectors of the economy provide the most important induce-
ment to employment in the row sector. 
Each of the first 10 columns of Table 12 is the product of correspond-
ing elements in (a) the 1964 final demand vector and (b) the row of the 
employment requirements matrix (Table 9), corresponding to the region 
being examined. For example, column three of Table 12 is the product of 
corresponding elements of the third row of Table 9 and the 25 element 
1964 final demand vector. Entries into this column are interpreted as 
the amount of employment in the Lake States region induced by deliveries 
to final demand in 1964 of each of the 25 sectors. 
The data in Table 12 emphasizes the importance of livestock produc-
tion to American agriculture. The two primary processing sectors for 
livestock products are meat and poultry processing and dairy products 
(sectors 0.10 and 0.11). Final demand sales of these sectors are pri-
marily processed livestock products. Examination of Table 12 shows that 
in all 10 production regions the final demand with either the first or 
second largest requirement for regional workers is the meat and poultry 
processing sector. Likewise, final demand for dairy products induces 
the largest employment in the Northeast and Lake States regions and the 
second largest in the Corn Belt. Thus, final demands for products of 
the livestock production are the foundation of a major proportion of 
farm employment in all parts of the Unj.ted States. 
Final demand for products of the vegetable and fruit processing 
sector (sector 0.15) is the most important influence on farm employment 
.
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in the Pacific region. The rank of the influence of this sector is 
third or higher in the Pacific, Northeast, Lake States, Southeast, and 
Mountain regions. Final demand for tobacco products had a strong in-
fluence on employment in the Appalachian region (region 4.00). Coef-
ficients of employment in the 10 production regions induced per million 
dollars of final demand in sector 0.22 (all other industries and ser-
vices) was not large. The magnitude of final demands in this sector, 
however, made it a significant influence on employment within the 10 
regions. 
The first 10 rows of Table 12 indicate again the small interregional 
employment interrelationships. The employment requirements of the 
regional agricultural production sectors have several similar general 
characteristics, however. A "typical" regional agricultural production 
sector will have direct employment requirements totaling more than half 
of the direct plus indirect employment requirements per million dollars 
of final demand. The induced employment of the Appalachian, Southeast, 
or Delta regions within the agricultural production sectors was higher 
than corresponding commodity sectors in other regions. The first 10 
columns of Table 11 showed that within nonfarm sectors, the "typical" 
regional agricultural production sector had its largest indirect employ-
ment effect upon sector 0.22 (all other industries). It also had a 
slightly larger indirect employment effect upon the agricultural supply 
sectors than upon the trade and transportation sector. Its effect upon 
employment in the agricultural processing sectors and the real estate 
and rentals sector was small. 
52 
1964 Employment Requirements of the 
Fifteen Nonfarm Sectors 
Most of the output of the agricultural production sectors does not 
go directly into final demand sectors but fulfills intermediate demands 
from other sectors. These intermediate sectors perform various degrees 
of processing of the farm output before it is sold to the final demand 
sectors. The final demand of these agricultural processing sectors, 
therefore, have a larger effect upon employment in agricultural produc-
tion sectors than direct deliveries to final demand by the agricultural 
production sectors. This is true because of the relative magnitudes of 
the two segments of final demand. 
Table 13 presents a regional summation of the agricultural production 
sectors' employment requirements resulting from a million dollars of 
final demand in the row sector. All nonfarm sectors are included in 
the table although the agricultural processing sectors in general have 
the most effect upon employment in the agricultural production sectors 
and regions. 
Table 14 presents the same data except the summation now is on 
a commodity sector basis, rather than on a regional basis. Table 15 
presents a summation of the direct plus indirect employment effects of 
a million dollars of final demand in the row sector upon the agricultural 
production, processing, and supply groupings and sectors 0.22, 0.23, and 0.24 
(all other industries, trade and transportation services, and real estate 
and rental services). These three tables provide a view of the impact 
of each of the 15 nonfarm sectors upon all of the segments of the U.S. 
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56 
economy defined in this study. Summaries of these relationships are 
discussed in the following sections. 
Final demand changes for meat and poultry processing (sector 0.10) 
A one million dollar increase in final demand for processed meat 
and poultry products generates employment needs of 126 workers in agri-
cultural production sectors and 53 workers in the nonfarm sectors. The 
total direct plus indirect employment effect per one million dollars 
of final demand thus is 179 workers. Distribution of the 126 worker 
employment requirement from the agricultural production sector among the 
10 production regions is shown in row one of Table 13. Employment in 
the Corn Belt region is the most strongly influenced by final demand in 
meat and poultry processing. The employment effect of 37 workers in 
this region is more than the combined employment effect of the next two 
"strongly affected" regions. The Appalachian, Northern Plains, and Lake 
States regions have similar employment effects of 15.2, 14.8, and 14.0 
workers, respectively, per million dollars of final demand in meat and 
poultry processing. The remaining six regions in descending order of 
employment magnitudes are the Southern Plains~ Southeast, Northeast, 
Delta, Mountain and Pacific regions with impacts received of 9.4, 8.2, 
7.6, 7.4, 6.8, and 6.1 workers, respectively. 
Row one of Table 14 presents a different summary of the distribution 
of the 126 worker requirement in the agricultural production sector. It 
includes a summation over the collllllodity sectors. For each million dollars 
of final demand in the meat and poultry processing sector, 95.8 workers 
1These estimates reflect 1964 production relationships prior to the 
growth of the cattle feeding industry in this region. 
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in livestock production, 13.8 workers in feed grain production, 12.2 
workers in forage production, and 3.2 workers in miscellaneous agri-
culture are required. 
The employment requirements of a million dollars of final demand 
for processed meat and poultry products are largely indirect employment 
requirements from other sectors. With a 179 worker total employment 
requirement and a 14.7 worker direct employment requirement, the meat 
and poultry processing sector has the largest simple employment multi-
pliers of the 98 sectors in the interregional model. This employment 
multiplier is 12.2. That is, for each worker required for direct pro-
duction of processed meat and poultry products, 12.2 workers are re-
quired to produce the indirect demands generated by this production. 
This unusally large multiplier is due to the heavy reliance of this 
sector upon the livestock production sector for inputs. The livestock 
sector in turn is a heavy user of purchased inputs from the feed grains 
and forage sector. This chain results in several waves of indirect 
demands most of which fall in the labor intensive agricultural production 
sectors. The net result is the large indirect employment demand. 
Final demand changes for dairy products (sector 0.11) 
The other primary processing sector for products of the livestock 
sector is the dairy products sector (sector 0.11). This sector also 
has a large indirect employment requirement within the agricultural pro-
duction sectors large for the same reasons as given for meat and poultry 
------------------------------------------------
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processing sector (sector 0.10). However, since the dairy products 
sector obtains a larger share of its inputs from nonfarm sectors (which 
are less labor intensive than the agricultural production sectors) and 
has a larger direct employment requiremetn, the net effect is a lower 
employment multiplier of 7.1. This is still, however, a large employ-
ment multiplier. The total employment requirement for the dairy products 
sector is 173.4 workers per million dollars of final demand of which 
103.8 are in the agricultural production sector and 69.6 are nonfarm 
workers. 
Table 13 (row two) presents the regional origin of the 103.8 farm 
worker requirements in the dairy processing sector. The most workers 
are required in the major dairy production regions, the Lake States, 
Northeast, and Corn Belt; where 27.6, 20.5, and 15.7 workers, respectively, 
were required. As with the meat and poultry processing sector, final 
demand for dairy products affects employment in the livestock sector 
more than in the other agricultural commodity sectors as shown in Table 
14. Likewise, the supporting sectors for livestock production, (feed 
grains and forage production, sectors 0.02 and 0.04), are significantly 
affected. The heavier reliance of dairy cattle rations upon forages is 
evident from comparison of the 0.10 and 0.11 rows of Table 14. The meat 
and poultry processing sector (which relies heavily upon meat animal 
production) is characterized by high energy feed rations. This sector 
requires 13.8 workers in feed grain production and 12.2 in forage pro-
duction per million dollars of final demand. The analogous data for the 
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dairy products sectors are 10.1 and 10.6 workers. Finally the utiliza-
tion of some nuts and fresh fruits in dairy products production is re-
flected by a small induced employment requirement in the vegetable, 
fruit and nut production sector (sector 0.05). 
The distribution of the nearly 70 worker employment requirement 
from nonfarm sectors is presented in Table 15. Twenty-eight workers are 
directly and indirectly required within the dairy products sector. In 
other agricultural processing sectors about two workers are indirectly 
required. Within the agricultural supply sectors 7.8 workers are re-
quired. Indirect employment of 19.4 workers in the all other industries 
sector are required. The indirect requirement of 12.1 workers in the 
trade and transportation services sector was the same as that required 
by the meat and poultry processing sectors. In summary, the nonfarm 
employment requirement of the dairy products sector is nearly 17 workers 
larger than the meat and poultry processing sector. This larger require-
ment occurs largely in internal employment requirements and in require-
ments from sector 0.22 (all other industries). 
Final demand changes for grain products (sector 0.12) 
The structure of the employment requirements generated by one million 
dollars of final demand for grain mill products is summarized in the 0.12 
(grain products) rows of Tables 13, 14, and 15. As indicated in Table 14, 
the agricultural commodity sectors most strongly influenced are food 
grain (0.03) and feed grain (0.02) production. 
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Grain production practices utilize few farm produced inputs. Hence, 
a smaller proportion of the total employment impact of final demand for 
processed grain products is felt by the agricultural production sector 
than observed in the employment impact of the two livestock product 
processing sectors. 
One million dollars of final demand generates employment require-
ments of 25.4 workers in agricultural production sectors, direct and 
indirect requirements of 14.0 and 2.0 workers in the agricultural proces-
sing sectors, and 5.7 workers in the agricultural supply sectors. Employ-
ment requirements are 15.9, 15.2, and 0.8, respectively, in the all 
other industries, trade and transportation, and real estate and rental 
sectors. The total employment requirement is 79.0 workers. 
The distribution of the induced agricultural production worker 
requirement among regions is concenttated in a belt of regions across 
the central section of the nation. The Corn Belt, Delta, Southern Plains, 
and Northern Plains regions account for 20.3 of the 25.4 worker employ-
ment requirement in the agricultural production regions as indicated in 
Table 13. 
Final demand changes for prepared animal feeds (sector 0.13) 
Since the prepared animal feeds sector purchases feed crops from 
the crop sector and sells them back in a processed form to the livestock 
sector as prepared animal feeds, it possesses attributes of both an 
agricultural processing and an agricultural supply sector. The "hybrid" 
nature of this sector also complicates the explanation of its indirect 
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employment requirements. The direct purchases made by the prepared 
animal feeds sector from the agricultural production sectors listed in 
decreasing magnitude of importance are feed grains, food grains, forage 
crops, and oil crops. In general, with allowances for variances in 
direct employment requirements between sectors, the order of magnitude 
of the employment effect on commodity sectors follows the same pattern 
as the order of the magnitude of the direct purchases from commodity 
sectors. Examining row 0.13 of Table 14 shows this general rule does not 
hold for the prepared animal feeds sector. The commodity whose employ-
ment is most strongly influenced by changes in final demand for products 
of the prepared animal feeds sector is the feed grain sector. This 
sectoralso supplies the most direct inputs for the prepared animal feeds 
sector. However, the commodity sector whose employment is second most 
strongly affected is the livestock production sector which supplies no 
direct inputs but rather is the primary market for prepared animal feeds. 
The employment impact upon feed grain, forage, and oil crop sectors gener-
ated by a million dollars of final demand for prepared animal feeds 
essentially is the same although the direct inputs supplied by the first 
two sectors are more than double the direct inputs from the oil crop 
sectors. This difference is due to the large requirement for oilmeals 
by the prepared animal feeds sector. This purchase is made from the 
chemical products sector (sector 0.19) which demands oilseeds from the 
oil crop sectors to produce oilmeal. Due to feed grain and livestock 
production (the two commodity sectors whose employment is most strongly 
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affected by changes in final demand for prepared animal feeds) employ-
ment changes in the Corn Belt and Northern Plains regions account for 
over one-half of the total employment changes in the 10 agricultural 
production regions as final demand for prepared feeds is increased. This 
distribution is in the prepared animal feeds row (row 0.13) of Table 13. 
One million dollars of final demand for prepared animal feeds 
requires 85.8 workers. The direct employment requirement per million 
dollars of final demand is 12.3 workers (from Table 5). Therefore, the 
prepared animal feed sector has a large external effect upon employment. 
For each worker directly required for production in this sector, nearly 
seven workers were indirectly required from other sectors. Examination 
of the applicable row in Table 15 indicates that this employment effect 
is felt primarily in the nonfarm sectors. The 21.3 worker indirect 
employment requirement from the all other industry sector and the 17.9 
worker requirement for trade and transportation workers are both larger 
than the 17.8 workers required from the agricultural production sectors. 
All three of these groupings had a larger employment effect than the 
internal direct plus indirect employment effect of 13.0 workers. The 
11.9 (24.9 - 13.0) worker employment requirement from the other agricul-
tural supply sectors was primarily from the chemical products sector 
(sector 0.19) where 8.2 workers were required per million dollars of 
final demand for prepared animal feeds. 
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Final demand of miscellaneous food processing (sector 0.14) 
The products of the miscellaneous food processing sector are more 
highly processed than the food products of the other sectors. There-
fore, inputs from agricultural production sectors are a smaller propor-
tion of total inputs in miscellaneous food processing than in other food 
processing sectors. The employment requirement in the agricultural pro-
duction sectors of 14.2 workers per million dollars of final demand from 
the miscellaneous food processing sector was the lowest of all agricul-
tural commodity processing sectors studied. 
The miscellaneous food processing sector has direct input require-
ments from the livestock, feed grains, food grain, vegetable, fruit and 
nut, oil crop, and miscellaneous agriculture commodity sectors. Employ-
ment in these commodity sectors was relatively more affected by changes 
in final demand for products of the miscellaneous food processing sector. 
The distribution of the geographic origin of the 14.2 agricultural 
production workers (Table 15) required from the demand effects of mis-
cellaneous food processing is given in the miscellaneous food processing 
row (row 0.14) of Table 13. The employment requirements ranged from 
0.8 workers in the Northeast region to 2.4 workers in the Pacific region, 
Due to the higher level of processing for products of the miscellaneous 
food sector, a large proportion of the total employment required to produce 
one million dollars of final demand was internal to the food processing 
sectors. The direct plus indirect employment requirements of over 3 
workers was over 40 percent of the total. Nearly 18 workers required 
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from the all other industries sector and 9.3 workers in trade and trans-
portation were the other major employment influences of final demand for 
miscellaneous food products. 
Final demand for vegetable and fruit processing (sector 0.15) 
Because the activities of this sector were defined to include the 
assembly, packing, and distribution of fresh fruits, nuts, and vegetables, 
inputs from the vegetable, fruit and nut production sectors (sector i.05) 
constitute a significant proportion of the total input structure of the 
vegetable and fruit processing sector. This factor combined with the 
labor intensive nature of fruit, vegetable, and nut production results 
in the total employment in the agricultural production sectors, mainly 
vegetable, fruit and nut production, generated by a million dollars of 
finald demand for products of the vegetable and fruit processing sector 
being nearly 71 workers or over half of the 140.4 total employment re-
quirement (Table 15). 
Of the 70.8 worker requirement in agricultural production regions, 
25.2 were required in the Pacific region (Table 13). The Northeast and 
Southeast regions also had significant employment impacts of 9.6 and 9.9 
workers, respectively. The fruit and vegetable processing sector row 
(row 0.15) of Table 13 gives the employment impact on the rest of the 
10 production regions. Row 0.15 of Table 15 gives the distribution of 
the nonfarm employment requirements for one million dollars of final 
demand for products of the fruit and vegetable processing sector. 
Internal direct plus indirect requirements account for 27.2 of the 69.6 
65 
worker requirement. All other industries and the trade and transporta-
tion sectors have employment effects of 23.6 and 11.5 workers, respec-
tively. 
Final demand for tobacco manufacturing (sector 0.16) 
The tobacco industry, i.e., tobacco production and manufacturing, 
was the most independent subsector in the interregional model. Nearly 
98 percent of the 81.2 agricultural production workers required to pro-
duce a million dollars of final demand for tobacco products were tobacco 
production workers. Therefore, the regional distribution of workers 
required from the agricultural production sectors is much the same as 
the regional distribution of tobacco production. 
One million dollars of final demand for tobacco products required 
50.1 workers in nonfarm sectors. Twenty-four workers were required to 
meet direct plus indirect internal employment needs within the tobacco 
manufacturing sector (sector 0.16). Thus, in total 103.6 (24.0 + 79.6) 
of the 131.3 total employment requirement was employment in tobacco 
production and manufacturing. 
Final demand for textile products (sector 0.17) 
One million dollars of final demand in textile products requires 
127.1 workers. The raw cotton, wool, and mohair from the 
agricultural production sectors undergoes several stages of processing 
enroute to final consumption. As a result these inputs comprise only 
nine percent of the total direct input requirements for the textile 
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produc:~.s sector. The employment impact of the textile products sector 
on the agricultural production sectors, 30.8 workers in Table 15, is 
low relative to sectors in which less processing is performed. 
Of the 30.8 workers required in the agricultural production sector 
(per million dollars of final demand for textile products) 23.7 were 
required in the cotton production sectors; 4.1 workers were required in 
the miscellaneous agriculture sector; and 1.9 workers were required in 
the livestock sector (Table 14). Final demand for textile products 
exerts its strongest influence upon employment in the Delta States and 
Southern Plains regions. The summary of the regional influence of the 
textile products sector is presented in the textile products (row 0.17) 
row of Table 13. 
Final demand for chemical products (sector 0.19) 
The chemical products sector has a unique position in the classifi-
cation system of the model used. It is a significant source of farm 
inputs such as oilmeals and agricultural chemicals. It also supplies 
inputs to all the nonfarm sectors. The unique position arising from 
being a source of farm inputs provides a link between the agricultural 
sectors (agricultural production, processing and supply) and the rest 
of the economy. This link is most apparent in employment requirements 
from commodity sectors for each million dollars of final demand for fer-
tilizers (sector 0.18). The fertilizer sector purchases no direct inputs 
from the commodity sectors but it does purchase a significant amount of 
direct inputs from the chemical products sector. The indirect employment 
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requirements are 0.7, 0.8, and 1.2 workers in livestock production, 
cotton production, and oil crop production per million dollars of final 
demand for fertilizers (Table 14). 
One million dollars of final demand for chemical products requires 
10.5 agricultural production workers and 73.4 nonfarm workers (Table 
15). This total employment requirement of 83.9 workers with a direct 
employment requirement of 24.6 workers yields an employment multiplier 
of 3.411. The 10.5 agricultural production workers were distributed 
between the conunodity sectors as follows: 4.1 in the 10 regional oil 
crop seetors, 2.4 in the seven regional cotton sectors, 2.0 in the 10 
regional livestock production sectors and 2.0 in the balance of the 
regional conunodity sectors. 
The employment impact of final demand changes for chemical products 
was strongest in the Corn Belt (the major oil crop production region) 
and the Delta States (an important cotton production region). This 
regional impact is summarized in the chemical products sector row (row 
0.19) of Table 13. The sununary of nonfarm employment requirements is 
presented in the chemical products sector row in Table 15. Internal 
direct plus indirect employment requirements accounts for 31.7 of the 
73.4 total nonfarm workers. Workers required in the all other industries 
sector totaled 27.3 
Final demand in the remaining sectors (sectors 0.18, 0.20, 0.21, 0.22, 
0.23 and 0.24) 
Deliveries to final demand in the remaining sectors have little 
influence on employment in the agricultural production and agricultural 
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processing sectors. The three agricultural supply sectors, fertilizers 
and fertilizer mixing, machinery and related services, and petroleum pro-
ducts (sectors 0.18, 0.20 and 0.21) have their primary noninternal em-
ployment effect upon sector 0.22, all other industries. The employment 
impact of final demand in the remaining three sectors (all other indus-
tries, trade and transportation, and real estate and rentals) were dis-
cussed previously. 
V. TOTAL EMPLOYMENT PROJECTIONS 
It is apparent from the analysis in previous sections that the entire 
agricultural complex (the production, processing, and supply components) 
has been experiencing a decline in employment requirements per unit of 
output. There is some evidence of a substitution of workers in the agri-
cultural supply sectors for agricultural production workers in regions 
and commodity sectors where a drastic substitution of purchased inputs 
for labor is occurring. However, the overall effect is a decrease in 
total workers in the agribusiness complex. 
One of the suggestions presented in the introduction to this study 
was that the simple enumerating of agricultural production workers re-
sulted in underestimating the number of workers who actually performed 
the same tasks or provided the same services as the farm worker performed 
in the past. This change in task performance is due to the increasing 
specialization of agricultural production with greater purchases of off-
farm services and inputs--both supply services and marketing services. 
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An inter-industry study provides an opportunity to make estimates of 
this present "agricultural" employment. 
1964 Labor Estimates 
The final demand vector of the model is assumed to represent all 
deliveries of food and natural fiber to final demand. Multiplying each 
final demand element times its corresponding total employment effect 
(sum of its column in the employment requirements matrix) provides esti-
mates of the total workers required to produce that portion of final 
demand for food and natural fiber. The sum of these estimates is the 
total employment requirement to produce the 1964 final demands for food 
and fiber. 
The estimates of employment created by final demands for food and 
fiber and provided by the model for 1964 were 5,280,200 workers on farms, 
1,678,600 workers in the agricultural processing sectors, and 477,600 
workers in the agricultural inputs sectors. The total (farm and nonfarm 
in all sectors) agriculturally-based employment generated from final 
demands for food and fiber was 11,603,600 in 1964. These estimates of 
the size of the agriculturally-based labor force (farm and nonfarm sec-
tors) are not intended as the "final method" of identifying the magni-
tude of the total work force engaged in (a) the production, processing 
and distribution of the produce of the nation's farms to final consump-
tion, and (b) the processing of inputs which go into farming. The esti-
mates simply provide one means of identifying which nonfarm workers could 
be considered agricultural workers (or which are equivalent to workers 
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previously employed on farms when more of the inputs and outputs of 
agriculture were processed on farms). 
1980 Employment Projections 
Based on the model, Table 16 presents the projected changes in 
gross output and total employment between 1964 and 1980 needed to meet 
the projected final demands for food and fiber in the latter year. These 
demands require an aggregated increase in volume of 24.0 percent for 
farm output, an increase of 20.9 percent in output of agricultural pro-
cessing sectors, an 8.0 percent increase in output of agricultural supply 
sectors, 11.8 percent more trade and transportation services, 6.0 per-
cent more real estate and rental services and 9.1 percent increase in 
volume of output in the rest of the economy. 
In contrast to the increased requirements for output from all 
aggregates of sectors presented in Table 16, fewer total workers (farm 
and nonfarm) will be required under projected 1980 demand and employment 
conditions for producing and processing food and fiber commodities and 
in producing inputs for their production. 
Agriculturally-related employment was projected to decline despite 
a substantial growth in projected agricultural output because labor 
1 productivity was projected to grow even faster. The effects of 
1Independent projections of labor productivity changes were used 
(see Schluter (22, pp. 231-32) for discussion). Changes in farm labor 
productivity (an annual average growth rate of four percent) are based on 
unpublished projections of output per man-hour used in Heady and Mayer 
(15) adjusted to allow for the trend to more complete utilization of the 
farm labor force. For the individual agricultural sectors, these pro-
ductivity growth estimates ranged from 0 for tobacco production in 
Footnote continued, page 71. 
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Table 16. Changes in gross output and employment, 1964 to 1980, 
required to meet projected 1980 final demands for food 
and fibera (aggregation of commodity groups and nonfarm 
sectors). 
Output Employment 
Absolute 
" 
Absolute 
" change change clunge cb.ange 
sector (million $) (1,000 workers) 
0. 1 Livestock +4,932.7 +23.2 -1,471.9 -52.7 
0.2 Feed qrains +1,683. 0 +28.0 241 • .2 -54.4 
0.3 Food qrains + 788.9 +36.6 60.2 -41.7 
0.4 Forage crops + 664.4 +22.1 183.0 -48.3 
0.5 Vegetable, fruit 
and nuts +1,183. 8 +27.9 244.3 -32.9 
0.6 cotton + 205.4 + 8.0 226.4 -46.9 
0.7 Tobacco + 100.3 + 7.6 140.0 -28.3 
0.8 Oil crops + 890.0 +41. 0 87.3 -50.8 
0.9 Miscellaneous 
agriculture + 307. 1 + 14. 1 177.9 -40.0 
Total agricultural 
production +10,755.6 +.24.0 -2,838.2 -46.5 
Agricultural 
processing +20,014.4 +20. 9 632.1 -27.0 
Agricultural supply +10,656. 2 + 8.0 -1,402.7 -37.3 
All other industry +55,034. 2 + 9. 1 -8,627.0 -32.0 
Trade and 
transportation +20, 480. 0 +11.8 -1,845.3 -16.7 
Real estate and 
rentals + 5,297.3 + 6.0 87.3 -11.8 
Total + 122,23 7. 6 +10.7 -15,432.6 -30. 3 
aSee Schluter (22, pp. 227-231) for 1980 food and fiber final demands 
based on Daly-Egbert (5). 
Footnote 1, page 70, continued. 
several regions up to 6.7 percent for oil crop production in the Delta 
region. These estimates of farm labor productivity growth rates are more 
conservative than the 4.2 percent for livestock and 8 percent for crops 
used in Almon (1, Table VII, pp. 126-127), which was the source used 
for the nonfarm productivity labor trends. Almon's projections were ex-
tended from 1975 to 1980 for this study. For the sectoring plan used, 
Almon's projected growth rates in labor productivity ranged from 0 for 
tobacco manufacturing to 4.75 percent for textile product manufacturing. 
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differential inputs of growth in output and labor productivity are 
illustrated by examining the projections for meat and poultry processing 
(sector 0.10). Between 1964 and 1980 output of this sector is projected 
to increase 38 percent whereas employment is projected to decline 28.3 
percent. Labor productivity is projected to grow at an annual rate of 
4.2 percent. In 16 years an annual growth rate of 4.2 percent in labor 
productivity will result in the labor force being 1.92 times more pro-
ductive than during the base period. The direct employment requirement 
coefficient for this sector is thus projected to decline from 14.7 workers 
per million dollars of output in 1964 to 7.6 workers per million dollars 
of output in 1980. The 1964 level of output in the meat and poultry 
processing sector could be produced in 1980 with slightly over 48 per-
cent of the 1964 labor force in this sector. The 21,475.3 million dol-
lars of output in 1964 with the direct requirement of 14.7 workers per 
million dollars of output required 315,700 workers. Under projected 1980 
direct requirements of 7.62 workers per million dollars of output, this 
level of output could be produced with 163,700 workers. The projected 
increase in output in this sector is 8,232 million dollars. The employ-
ment required for this increase in output is 62,727 workers. The over-
all projected employment effect thus is a loss of 152,000 old jobs through 
productivity increases and creation of 62,727 jobs through output expan-
sion. This amounts to a net loss of 89,273 jobs, a 28.3 percent decrease 
in employment. 
The projected output and employment changes of the aggregates of 
the commodity sectors included in the individual regions also are presented 
- --------------~~~~~~~~~~~-
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in Table 16. Increases in output are projected for all commodity 
aggregates. These increases range from 7.6 percent for tobacco to 36.6 
percent for food grain and 41.0 percent for oil crops. 
The dominant role of livestock in the agricultural production 
sector is reemphasized by figures of Table 16. Nearly 46 percent of 
the total projected increases in total gross output in the agricultural 
commodity sectors is in livestock production. The 23.2 percent increase 
in livestock production directly or indirectly provides a basis for the 
28.0 percent projected increase in feed grains production, the 22.7 
percent increase in forage production, and the 41.0 percent increase in 
oil crop production. A nearly 52 percent projected increase in food 
grain exports provides the primary basis for the projected 36.6 percent 
increase in food grain output. Production increases of 27.9 percent 
are indicated for the vegetable, fruit, and nut production sector to 
meet 1980 final demand projections. Cotton and tobacco production have 
the smallest projected increases in output. 
In addition to growth in livestock output, contributing factors to 
the 41.0 percent increase in oil crop production is a projected 200 
percent increase in oil seed exports and a 4.5 percent increase in per 
capita consumption of fats and oils. 
Projected employment decreases in agricultural commodity sectors 
ranged from 28.3 percent in tobacco production to 54.4 percent in feed 
grain projection. Insight into the phenomenon of a 46.5 percent decline 
in employment in agricultural production sectors under a 24 percent 
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increase in output, is provided by the first 10 rows of Table 17 which 
examines the employment impact upon the 10 agricultural production re-
gions. Column one, Table 17, presents the actual 1964 employment. 
Column two presents the projected 1980 employment level. The projected 
employment change between 1964 and 1980 is presented in column three. 
The estimated employment level under 1964 output levels and 1980 labor 
productivity is presented in column four. The difference between the 
estimates in column four and the projected 1980 employment levels pre-
sented in column two is the employment effect of output changes between 
1964 and 1980. This difference is presented in column five. An example 
clarifies these data. The 1964 actual employment in the Southern Plains 
was 483,000 workers (column one). Under 1980 final demand conditions, 
the projected level of employment for agricultural production workers 
is 270,000 (column two), or a decrease of 213,000 (column three). The 
1964 level of agricultural production in this region could be produced 
with 228,400 workers at the projected 1980 level of labor productivity 
(column four). Thus, 270,000 minus 228,400 or 41,600 jobs for farm workers 
in this region is generated by projected output changes (column five). 
Columns three and five of the first 10 rows of this table will 
indicate the projected employment impact of changes in projected labor 
productivity and demand upon the different production regions. Projected 
for the largest relative employment declines are the Northeast, Lake 
States, and Delta States regions. These regions are important producers 
of milk and cotton, the two major commodities projected to have the 
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lowest rate of growth in output between 1964 and 1980. Projected 
increase in demand for these regions' output is not enough to offset 
increased labor productivity. The Mountain States region is projected 
to be affected least. A large proportion of its total agricultural 
output is related to rangeland, where neither mechanization nor adjust-
ment in the size of the farming operation is likely to affect employment 
as much as in more intensive farming regions. 
The employment impact due solely to the projected output change 
between 1964 and 1980 is presented in the fifth column of Table 17. 
Because all 10 production regions are projected to increase agricultural 
production, this employment impact is positive in all regions. The 
largest impact, both in absolute magnitude and the relative proportion, 
due to projected increases in output are for the Corn Belt, Northern 
Plains, Mountain, and Pacific regions. The Corn Belt is the major pro-
ducing region for meat animals, feed grains, and oil crops. These com-
modities have large projected i.ncreases in output to meet the assumed 
level of 1980 fi.nal demands for food and fiber. The Northern Plains 
regions, also an important producer of these commodities as well as the 
region of primary production for food grains,is projected to have nearly 
a 37 percent increase in output. Livestock and food grains likely will 
contribute to output growth in the Mountain region. The Pacific region, 
an important producer of food grains and the major region for vegetables, 
fruits and nuts which were projected to be produced at a nearly 28 per-
cent larger level of output in 1980 than in 1964. 
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The final rows of Table 17 provide similar data for the 15 nonfarm 
sectors. The total employment impact upon the nonfarm sectors of pro-
jected changes in final demand for food and fiber varies between sectors. 
Because labor productivity increases are projected in all but the tobacco 
manufacturing sector, total employment requirements generally decrease. 
An exception, the dairy products sector (0.11) has a projected decrease 
in output between 1964 and 1980. Thus, the projected decrease in demand 
for labor due to lower output reenforces the decrease due to increased 
labor productivity. The 31.6 percent decline in employment needs due 
to productivity increases is supported by an additional 7.1 percent de-
cline due to lower output. A projected total employment decline of 38.7 
percent results. 
In the tobacco manufacturing sector (0.16) labor productivity during 
the period was not projected to change. Therefore, due to greater out-
put the projected impact in this sector is an 11,400 worker increase in 
employment betweenl964 and 1980. The remaining 13 nonfarm sectors have 
the opposite forces of increasing labor productivity and increasing out-
put requirements influencing the projected total employment impact. In 
sectors such as the two grain processing sectors, grain products and 
prepared animal feeds (sectors 0.12 and 0.13), these opposing trends 
nearly offset each other. Sector 0.12 (grain products) is projected to 
have a 16.4 percent increase in labor productivity and a 15.3 percent 
increase in output and a 400 worker decrease in employment is projected 
for 1980. Sector 0.13 (prepared animal feeds) is projected for a 16.0 
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percent increase in labor productivity and a 21.3 percent increase in 
output and a 2,500 increase in employment. In the remaining nonfarm 
sectors, the net effects are dominated by the growth in labor producti-
vity, therefore projected 1980 employment levels are below the actual 
1964 levels. Since the output concept used in this study is the output 
generated by projected changes in final demand for food and fiber, the 
output effect is strongest in the agricultural processing sectors. For 
example, in the m~t and poultry processing sector (0.10) 27.7 percent 
of the projected 1980 employment is due to output increases. Other 
agricultural processing sectors where output increases modify the trend 
to lower employment due to growing labor productivity are the miscel-
laneous food processing sector (0.14) and vegetable and fruit processing 
(0.15). The proportion of total employment in 1980 in these sectors 
due to projected output increases are 19.9 and 23.4 percent, respectively. 
Employment requirements per unit of output in these two sectors is pro-
jected to decline 26.0 and 45.0 percent, respectively. 
The importance of the supporting services provided to the food and 
fiber system by the trade and transportation and all other industry and 
ervices sectors is reflected in the size of the output effect on changes 
in employment between 1964 and 1980. These large effects are due to 
two factors: First, the size and pervasiveness of these sectors in the 
economy gives them large absolute effects even when the economic inter-
relationship coefficients are relatively small. Second, these two sec-
tors include most of the service subsector of the economy, as well as 
---·····-···-···-··------------------
79 
the remainder of the manufacturing and resource based sectors. The net 
result is higher direct labor requirements per dollar of output than 
for the rest of the nonfarm sectors. The projected increases in final 
demand for these two sectors are the personal consumption expenditures 
for clothing (producers' value) for sector 0.22 (all other industry) 
and the trade and transportation margins on the projected changes in 
final demand sales for food and fiber in the latter sector (0.23). 
The output effect in the agricultural supply and real estate and 
rental sectors (shown in column five of Table 17) is entirely indirect 
since no changes are projected for final demand levels in these sectors. 
This is an important indirect effect, however, because it is due to pro-
jected changes in final demand for food and fiber. The projected number 
of new jobs created by increased output levels is 126,000. The estimates 
in columns three and five of Table 17 provide the extremes of the range 
in which the actual impact might be expected to fall. 
Total employment created by projected 1980 final demands for food 
and fiber is estimated to be 8,071,800 jobs. The distribution is 2,877,100 
farms, 1,346,100 in agricultural processing sectors, 367,000 workers in 
the agricultural inputs sectors, and 3,481,600 in the rest of the economy. 
Column six of Table 17 provides the full distribution. 
VI. SUMMARY AND IMPLICATIONS 
This study used on input-output based model to explore the nature 
of the interdependence of the employment needs of the economic activity 
required to produce, process, and distribute the outputs from and inputs 
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into the farming sectors of the U.S. economy. In 1964 these estimated 
employment needs were 11.6 million workers. By 1980 the results of 
this study suggest a 30 percent decline to 8.1 million. These estimates 
are not presented as the ultimate estimate of this statistic. All 
economic models must abstract from reality to allow the researcher to 
define the problem in a manageable manner. Input-output based models 
use rather strict simplifying assumptions. However, some aspects of 
input-output based estimates are superior to most other estimation tech-
nique. For instances, I/O based estimates are consistent, that is the 
detailed estimates of sector characteristics (in this case, employment), 
add up to a control total for the economy. An input-output model pre-
sents the employment estimates implicitly available when one views the 
agricultural sector as an interrelated economic system organized in rigid 
technical manner and with constant relative prices, to facilitate the 
production, processing, and delivery of food and natural fiber to the 
ultimate domestic and foreign consumers. 
From this viewpoint several conclusions were noted: (1) The farm 
sector is more economically dependent upon the nonfarm sector than vice 
versa. (2) Employment per million dollars of output is higher in farm-
ing than in the rest of the economy. Although underemployment is an 
important explanation for this, there also exists regional and commodity 
sector differences. In general,employment requirement coefficients are 
larger in the East and South than in the Middle West and West. Also 
these coefficients were smaller for commodity sectors which lent themselves 
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to mechanization such as grain and oil crops than for livestock and 
less compact and nonperishable crops. (3) This higher direct employ-
ment requirement results in larger employment interrelationships between 
the nonfarm and farm sectors than was observed in economic interrelation-
ships. For eXample, this effect of higher farm employment requirements 
can be noted in the total employment requirements of a million dollars 
of final demands for products of the meat and poultry processing sector. 
In 1964 this statistic was estimated to be 179.5 workers. With a direct 
employment requirement of 14.7 workers this is a simple employment mul-
tiplier of over 12 total workers required for each worker required in 
meat and poultry processing. Seventy-five percent of this indirect 
employment requirement was received in the farming sector. Thus, for 
each new job created in this processing sector by additional final demand, 
nine new jobs would be created in the farming sector. 
This, in general, is a characteristics of subsectors of the agri-
cultural processing sector. They tend to be rather low direct users 
of labor but because of this close interrelationship with farming, ex-
pansion in output for ultimate consumers has a much larger employment 
effect on the economy. 
(4) Expenditures by consumers for livestock products are the major 
impetus for farm employment. In each of the 10 agricultural production 
regions examined, the first or secondmost important class of consumer 
expenditures to which farm employment could be traced through the employ-
ment interrelationships was expenditure for meat and poultry products. 
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Final demand for dairy products also were an additional strong basis 
for farm employment in some regions. 
This input-output based economic model was also used to analyze 
the agricultural employment estimates implicit in several independent 
studies of projected food and natural fiber demand and of labor produc-
tivity trends among selected sectors of the economy. Based on these 
projected changes and the economic structure of the economy estimated 
in this study, the 1980 estimate of an agricultural work force of 8.1 
million was made. This was a 30 percent decline in employment needs 
although farm output was projected to increase 24 percent, agricultural 
processing output 21 percent, and agricultural supply output 8 percent. 
These output effects were projected to be offset by increases in labor 
productivity so that total employment at nearly all levels of the agri-
business complex would decrease. 
Because of the importance of the farming economy in rural areas, 
this expected decline in agricultural employment could have a dispro-
portionately larger impact on employment opportunities in rural comnuni-
ties than in urban communities. 
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